Autism spectrum disorder (ASD) consists of a group of complex developmental disabilities characterized by impaired social interactions, deficits in communication and repetitive behavior. Multiple lines of evidence implicate mitochondrial dysfunction in ASD. In postmortem BA21 temporal cortex, a region that exhibits synaptic pathology in ASD, we found that compared to controls, ASD patients exhibited altered protein levels of mitochondria respiratory chain protein complexes, decreased Complex I and IV activities, decreased mitochondrial antioxidant enzyme SOD2, and greater oxidative DNA damage. Mitochondrial membrane mass was higher in ASD brain, as indicated by higher protein levels of mitochondrial membrane proteins Tom20, Tim23 and porin. No differences were observed in either mitochondrial DNA or levels of the mitochondrial gene transcription factor TFAM or cofactor PGC1α, indicating that a mechanism other than alterations in mitochondrial genome or mitochondrial biogenesis underlies these mitochondrial abnormalities. We further identified higher levels of the mitochondrial fission proteins (Fis1 and Drp1) and decreased levels of the fusion proteins (Mfn1, Mfn2 and Opa1) in ASD patients, indicating altered mitochondrial dynamics in ASD brain. Many of these changes were evident in cortical pyramidal neurons, and were observed in ASD children but were less pronounced or absent in adult patients. Together, these findings provide evidence that mitochondrial function and intracellular redox status are compromised in pyramidal neurons in ASD brain and that mitochondrial dysfunction occurs during early childhood when ASD symptoms appear.
Introduction
Autism spectrum disorder (ASD) is a complex neurodevelopmental condition that encompasses a range of cognitive and behavioral phenotypes including autism, Asperger's syndrome, and pervasive developmental disorder characterized by impaired social interaction, communication, and language, and repetitive and stereotyped behaviors (American Psychiatric Association, 1994) . Pathological findings suggest that altered neurodevelopment during early postnatal life is crucial to ASD pathogenesis, and may result in excessive neurons and/or overgrowth of axons (Courchesne et al., 2007) and dendritic spines (Hutsler and Zhang, 2010) . The etiology and biological basis of ASD pathology are unknown in most cases and both genetic predisposition and environmental factors are suggested to participate (Rossignol and Frye, 2012b) . Impaired mitochondrial function has been implicated in normal aging and neuropsychiatric disorders, including Parkinson's disease (PD), Alzheimer's disease (AD), Huntington's disease (HD), mood disorder and schizophrenia (Lin and Beal, 2006; Manji et al., 2012; Schon and Manfredi, 2003; Trushina and McMurray, 2007) . Mitochondria produce energy via oxidative phosphorylation (OXPHOS) through the respiratory chain, which generates more than 95% of neuronal ATP under normal physiological conditions (Benard et al., 2007) . The respiratory chain involves electron transport chain (ETC.) proteins NADH-ubiquinone oxidoreductase (Complex I), succinate ubiquinone oxidoreductase (Complex II), ubiquinone cytochrome c oxidoreductase (Complex III), cytochrome c oxidase (Complex IV), and the ATP synthase (Complex V). Inefficient electron transfer through ETC. complexes causes brain pathology due to loss of energy, while defects of these enzymes, particularly Complexes I, II and III, cause the respiratory chain to leak electrons that react with oxygen to form toxic reactive radical species.
Recent evidence suggests that mitochondrial dysfunction could participate in the development and clinical features of ASD (Rossignol and Frye, 2012a) . Studies have identified features associated with the biochemical endophenotype of mitochondrial energy deficiency, including abnormal plasma biomarkers that relate to mitochondrial dysfunction, such Neurobiology of Disease 54 (2013) 349-361 
